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Preparation of phosphonoformic acid analogues containing one, two, three, or more sulfur atoms are described, with specific examples. 
Such compounds, not excluding cognates, derivatives, and homologues thereof, are proposed to be used directly, or as prodmgs, in treating 
viral infections, including but not limited to HIV, herpesviruses including HSV, EBV, VZV, CMV, HSV-6 and HSV~8 (Kaposi's sarcoma); 
HPV; rhinoviruses; and hepatitis-linked viruses. They are also proposed to be used in treating neoplasms, and for diagnosis and therapy of 
diseases of bone metabolism. The compounds of the present invention are also designed as to create novel biologically active compounds 
or prodrugs. 
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PREPARATION AND USE OF SULFUR-CONTAINING FHOSPHONOFORMATE 
DERIVATIVES AND ANALOGS 

CROSS-REFERENCE WITH RELATED APPLICATIONS 
5 Tliis application claims the benefit of U.S. Provisional Application No. 60/092,650, 

filed July 13, 1998. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
The inventioh relates generally to the field of phosphorus chemistr>', and is 
1 0 particuiarly concerned with a novel method for the production of sulfur-containing 

phosphonoformates and their derivatives. An additional aspect of the present invention 
relates to the use of these compounds as antiviral agents, including: Human 
Immunodeficiency Virus (HIV); herpes viruses including. Herpes Simplex Virus (HSV), 
Ebsiein-Barr Virus (EBV), Varicella Zoster Virus (VZV), Cytomegalovirus (CMV), HSV.6, 
1 5 and HSV-8 (Kaposi's sarcoma); Human Papilloma Virus (HPV); rhinoviruses; and hepatitis- 
linked viruses. 

DESCRIPTION OF RELATED ART 
A retrovirus designated HIV is believed to be the causative agent of the complex 
disease termed Acquired Immune Deficiency Syndrome (AIDS). The complex disease AIDS 
20 includes progressive destruction of the immune system and degeneration of the central and 
peripheral nervous system. Tlie HIV virus appears to preferentially attack helper T-cells (T- 
lymphoc>ies or 0KT4-bearing T-cells) and also other human cells, e.g., certain cells within 
the brain. The helper T-ceils are invaded by the virus and the T-ceils become an HIV virus 
producer. The helper T-cells are quickly destroyed and their number in the human being is 
25 depleted to such an extent that the body's B-cells as well as other T-cells normally stimulated 

- 1 - 
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by the helper T-celli> no longer function normally or produce sufficient lymphokines and 
antibodies to destroy the invading virus or other invading microbes. 

While the HIV virus does not necessarily cause death per se, it does cause severe 
damage to the human immune system resulting in the onset of various other opportunistic 
5 diseases such as, herpes, toxoplasmosis, cytomegalovirus (CMV), Kaposi's sarcoma, and 
EBV related lymphomas, among others, (AIDS). HIV virus infected individuals, at first, 
experience few or no symptoms. Later in the disease, the onset of immune system 
dysfunction occurs, leading to various symptoms such as weight loss, malaise, fever, and 
swollen lymph nodes (AIDS related complex). The disease further progresses to full blown 
10 AIDS, leading usually to death. Those infected with the HIV virus are persistently infective 
to others. 

Unfortunately, the present state of the art is such that antiviral drugs are only capable 
of attacking such viruses when they are replicating. Attacking a latent virus such as HIV, 
which does not reproduce itself following infection until reactivated by presently unknown 
1 5 factors would require distinguishing the viral genetic material from the surrounding host 

genetic material and selectively destroying it. Thus, the current generation of antiviral drugs 
is only effective against replicating viruses. Considerable efforts are being directed toward 
the control of HIV by means of inhibition of the reverse transcriptase of HIV and of other 
targets of viral functions, required for replication of the virus. Unfortunately, many of the 
20 known compounds suffer from toxicity problems, lack of bioavailability or are short-lived in 
vivo, viral resistance; or combinations thereof. Particularly important is combined therapy 
agents targeting more than one viral function. The requirement for development of new drugs 
able to be used in combination with other types of drugs is important in continued HIV 
therapy. 

Several researchers have indicated that the pyrophosphonate analogues, such as 
phosphonoformic acid (PFA) and its analogues and derivatives possess antiviral properties in 
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lhat they inhibit the replication of several viruses. (See. U.S. Patent Nos. 5.072.032 and 
5,183.812 to McKenna; D.W. Hutchinson, et al.. Synthesis and Biochemical Properties of 
Some Pyrophosphate Analogues. Biophosphates and Their Analogues-Synlhesis. Structure, 
Metabolism and Activity, K.S. Bruzik and W.J. Stec (Eds.), Elsevier Science Publishers, B.V., 
5 1987. 44M50; and Helgstrands, et al., Science, 201:819-821 (1978)). Trisodium 

phosphonoformate (PFA, Foscamet), a pyrophosphate analog, has been reported to inhibit 
HIV reverse transcriptase (HIV, RT) with an ID50 near 1 nm, and has also been reported to 
inhibit several herpes virus DNA polymerases, including the DNA polymerase of CMV. See, 
U.S. Patent No. 5,072,032 to McKenna . 
1 0 Previous studies reported the addition of nudeophiles to the thiocarbonyl group. (See, 

J. Levillain, etal.,7. Am. Chem. Soc. 115, 8444-8446, 1993; and L.V. Kovalenko. et al., 
RmsianJ. General Chemistry M,?an 1, 1456-1459, 1994). Preparations of thiocarbonyl and 
ditiiiocarboxyi derivatives have been demonstrated in the reaction of trialkyl phosphite and 
chlorothioformate. (See, D.W. Grisley, Jr., y. Org. Chem. 26, 2544-2546, 1961.) However, 
1 5 trimeihyl phosphonoformate thio derivatives have not been previously reported, except 
irimethyl thiophosphonoformate. U.S. Patent No. 5,072,032 to C.E. McKenna, et al., and 
trimethyl phosphonothionoformate, Kovalenko et al., supra. Corresponding monosodium salts 
and trisodium salts are disclosed for the first time, except for the monosodium and trisodium 
salts of thiophosphonoformate which were previously disclosed iMcKenna. ct al, supra. 



20 



BRIEF SUMMARY OF THE INVENTION 
The present invention solves the above-described problems by providing methods for 
readily synthesizing sulfur-containing phosphonoformic acid derivatives and the use of such 
derivatives as chemotherapeutic agents. In one embodiment of the invention, sulfur- 
containing phosphonoformate derivatives are obtained formally by replacing one or more of 
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the five oxygen atoms of the original phosphonoformate molecule by a sulfur atom. Another 
embodiment of the present invention is a method for synthesizing polyhydroxy derivatives of 
such analogs. The method uses the base compound (foscarnet), but can be extended to 
prepare similar derivatives based on the thio analogues of foscamet. An additional aspect of 
5 Uie present invention relates to the use of these compounds as antiviral agents, including: HIV 
and herpes viruses. 

These and other features, aspects, and advantages of the present invention will 
become belter understood with regard to the following detailed description and appended 
claims. 

10 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention teaches the synthesis of sulfiir-containing phosphonoformic 
acid derivatives, which are obtained by replacing one or more of the five oxygen atoms of the 
original phosphonoformate molecule by a sulfur atom, see TABLE I. CAS is the Chemical 
15 Abstract Service. 

Table I. Selected Phosphonoformate Thio-Analogues 



Name 


Structure 


NasTPFA, 1 


P-C-ONa 

NaO 


NasPTFA. 2 


i^C-SNa 
NaO'^ 


NaaPDTFA. 3 


NaQ^i ^ 

P-C-SNa 

NaO 


NasTPTFA, 4 


NaS."f| 9 

P-C-SNa 

NaO 


NasTPDTFA, 5 


,F-C-SNa 

NaO 


NaTPFA. 6 


NaO,^ 9 

P-C-OCH, 

CHjS 



-4- 
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1 NaPTNFA. 7 


P-C-OCH3 

CH3O 


NaPTLFA. 8 


P-C-SCH3 

CH3C/ 


NaPDTFA, 9 


NaOs^ ^ 

P-C-SCH3 
CH3C/ 


NaTPTNFA, 10 


>^-0CH3 

CH3S 


NaTPTLFA. 11 


^P-C-SCH3 

CH3S 


NaTPDTFA, 12 


P-C-SCH3 

CH3S 


MesTPFA, 13 


CH3a^ ^ 

P-C-OCH3 


MesPTNFA. 14 


P-C-OCH3 

CH3O 


MejPTLFA. 15 


CH30^^} ^1 

.P-C-SCH3 
CH30^ 


MesPDTFA. 16 


P-C-SCH3 


MejTPTLFA, 17 


CH3OJ1 ^ 

P-C-SCH3 


MesTPTNFA. 18 


CH30k^ ^ 

P-C-OCH3 

CH3O 


MejTPDTFA. 19 


CH30J, ^ 

P-C-SCH3 

CH30^ 



General synthetic pathways as applied to examples of various thio-analogs of PFA 
outlined in the following conceptual schemes: 
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Scheme Table I 



P(OCH3)3 — 



C{C(0)0C H3 HaCC^ 9 

>-<:-0CH3 



LR or p4S,o HaCO 



(13) 



CIC(S)0CH3 HjCO^fl S 

. H3CC/ ^ 
14) 



LR 



o=c=s 



(CH;0):POH 



•SCH3 



(15) 



LR 



$=c=s 



HaCQ,] 



(18) 



H3CO' 



H3CO' 



SCH3 
(16) 

LR 



(6) 



NaO' (1) 



Nal 



Hjca 



-OCH) 
(7) 



P-C-SNa 
NaO'^ (2) 

m 

>-C-SNa 
Nacr 



Nal 



HaCO^ 



(4) 

SCH3 
(8) 



/-C-SNa 
NaO^ (2) 



/-C-SCH3 ■ — 
(17) 



Nal 



H3CS' 



-SCH3 
(11) 



NaO' 



Nal 



/-C-SNa 
(4) 

-SCH3 
(9) 



HjCO^ 



H3CO' 



/-C-SCK3 

(19) 



/-C-SNa 
NaO (3) 

Nal ^ NaO^^} ^ 

' ,P-C-SCH3 

H3CS 

(12) 



,P-C-SNa 



NaO 



(5) 



wo 00/02566 PCTAJS99/1S775 

me unique .oloaical activities of the compounds disclose, .it^rem. antf tlreir 
corresponding classes, derive chiefly from two factors: 1 ) modification of their reactivity, 
cell transport, cell permeation, metabolism, and enzyme or membrane receptor site binding 
properties due to the different chemical and physical properties of sulfur relative to oxygen; 
5 and 2) potential in situ physiological conversion of S to O, creating the possibility of 
prodrugs for which the actual drug has one or more S converted to O after administration. 
Another factor is the modified properties of prodrugs or other analogues in which the sulfur- 
containing function is derivatized. e.g. as an ester, ether, etc., relative to metabolic activation 
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15 



in vivo. 



THIO-ANALOGUES OF PFA 
The analogues have the general structure: 

Xj X4 

II II 
RiXi-P-C-XjRj 

X,R, 



Ri and R, are each independently selected from alkyi, aryl, H. or cation. Ry is 
independently selected from alkyK aryl, H, or cation: 

X| Xi, X.;. "Vi. and X> are O or S, provided that: 
(a) ai least one of Xi - X, is S; 
20 (b) when X, is S. then either (i) R, or R, is alkyl. aiyi, or H, or (ii) at least one of Xj. 

X;, Xj, and Xj is also S. 
The parem structures may form part of a derived entity wherein R,, Rj andybr Rj are 
more complex molecules than simple alkyl or ar>'l compounds (or portions of the same 
moiecuie). with Ihe parent incorporated via one or more esieratic or ether bonds as indicated 
2:> above. The cation can be a pharmaceutically acceptable alkali metal (e.g.. Li. Na. or K). 
ammonium cation, alkaline earth cation (e.g.. Ca'\ Ba'". Mg'^). higher valency cation, or 
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polycationic counter ion (e.g., a polyamonium cation). See. Berge, et aL ^Pharmaceutical 
Salts", y/'tovw. ScL (1977)66:1-19. It will be appreciated that the stoichiometry of an 
anionic compound to a salt-forming counterion (if any) will vary depending on die charge of 
the anionic ponion of the compound (if any) will vary depending on the charge of the anionic 
5 portion of the compound (if any) and the charge of the counterion. Preferred 

pharmaceutically acceptable salts include a sodium, potassium or calcium salt, but other salts 
are also contemplated within their pharmaceutically acceptable range. Furthermore Ri, R2, 
and R3 may be so designed as to create novel biologically active compounds or prodrugs, 
wherein one conjugating moiety may be for example a nucleoside or nucleotide with 
1 0 independent aclivit>% and another moiety may be for example a diol, triol or higher 
polyhydroxy group conferring enhanced cell transport or other desirable properties, 

CLASSES OF PARENT STRUCTURES (Xj-Xs = O except as noted). 

The following compilation sets forth permutations for illustrative purposes. It will be 
appreciated that simple expenmenls by those skilled in the art will readily eliminate those 
1 5 compounds that are not stable or are synthetically unattainable. 

A. Triesters: Ri. R>. R^ = alkvL arvl or complex 
A.l: Monothio Analogues 

(A.l.a) 

^3 = S (A.l.b) 
^^4 = 5 (A.l.c) 
X5 = S (A.l.d) 



A.2: Oithio Analogues 

X|,X2 = S (A, 2, a) 

-8- 
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Xi^Xj — s 


(A.2.b) 


XuX4 = S 


(A.2.C) 


XuX5 = S 


(A.2.d) 


XsjXi ~ S 


(A.2.e) 


X3^S = S 


(A.2.0 


X4,X5 — S 


(A.2.g) 




A.3: Trithio Analogues 


Xi,X2,X3 - S 


(A.3.a) 


X|,X2,X_i = s 


(A.3.b) 


X|,X2,X5 ~ S 


(A.3.C) 




(A.3.d) 


X,,X:..X5 = s 


(A.3.e) 


X|,Xj,X5 ~ s 


(A.3.f) 


X3,X4,X5 = S 


(A.3.g) 



A.4: Tctrathio Analogues 


Xi,X2,X3,X4 - s 


(A.4.a) 


X|,X2,X3,X5 = S 


(A.4.b) 


X|,X2,X4.X5 — S 


(A.4.C) 


X|jX3,X4,X5 — S 


{A.4.d) 



-9- 
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A.5: Pcntathio Analogues 

XhX2,X;,X4,X5 = S (A.5.a) 



Note: where Ri - Ri, Xj and X2 are equivalent substitutions. However, compounds wherein 

Rl = R2, such that X I and X2 substitutions result in distinct isomers, are also within the 

5 scope of the invention. Furthermore, stereoisomers, including stereoisomers created by the 
possibility of chirality at the phosphorus atom e.g. in a structural fragment like M^[RiO (S) 
P(0) R}]' where is a cation are also within the scope of the invention. 

B. Diesters 

Note: where unspecified, R|, R2, and R3 are H" or other cations. 



B.l: Monothio Analogues 


Rj, R} = alkvl/arvl/comnlex: 




X| = S 


(B.l. a) 


X2 = S 


(B.l.b) 


X, = S 


(B.l.c) 


X5 = S 


(B.l.d) 


Ri. R-! = alkvl/arvl/comnlcx: 




Xi =S 


(B.l.e) 


Xj = S 


(B.1.0 


X4=S 


(B.l.g) 



- 10- 
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B.2: Oithio Analogues 



R|, = alkvl/arvl/comolex: 






(B.2.a) 


X|,X4 = S 


(B.2.b) 


XhXj = s 


(B.2.C) 


X2,X3 = S 


(B.2.d) 


X2,X4 = S 


(B.2.e) 


X2,X5 = S 


{B.2.f) 


X4,X5 — S 


(B.2.g) 


Ri, Ri= nlkvl/arvI/comDlex: 




XijX? — s 


(B.2.h) 


XuXs = S 


(B.2.i) 


XijXi — s 


(B.2.j) 


X3,X4 = S 


(B.2.k) 



33: Trithio Analogues 


Ri, Ri = alkvl/arvl/complex: 




X|,X2,X4 = S 


(B.3.a) 


X|,X2,X5 = S 


(B.3.b) 


X2,X;..X4 = S 


(B.3.C) 


X2,X3.X5 — S 


(B.3.d) 



- II - 
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R|. R? - nlkvl/ar\'i/complex : 

X,,X:,X3 = S (B.3.e) 

X,HX2.Kt = S (B.3.f) 

X,,X3,Xi = S (B.3.g) 

X3,X4,X5 = S (B.3.h) 



B.4: Tetrnthio Analogues 
Ry = aikvl/arvl/complex : 

X|-X4 = S (BAa) 

X,-X3,X5 = S (B.4.b) 

X2-X5 = S (B.4x) 

X,,X;-X5 = S (B.4.d) 

Rji, R? = alkvl/arvl/comptcx : 

Xi-Xj^S (B.4,e) 

X2-X5 = S (B,4.0 

Xi,X2,X4,X5 = S (B.4.g) 



B.5: Pentathio Analogues 

Ri, R^ = aikvl/arvl/comnlex : 

X1-X5 = S (B.5.a) 

Ri, R? = aikvl/ar\'l/comnlex : 

X1-X5 = S (B.5.b) 
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C. Monocstcrs: 



CI: Monothio Analogues 


Ri = alk\'l/arvl/coinDlex: 




X, = S 


(C.l.a) 


X2 = S 


(C.l.b) 






Ri = aikvi/arvl/comnlex: 




X, = S 


(Cl.d) 


X4 = S 


(C.I.e) 


X5 = S 


(C.l.f) 



C.2: Dithio Analogues 


Ri = nlkvl/nr\i/comDlex: 




XbX2 = S 


(C.2.a) 


X,.X4 = S 


(C.2.b) 


X|,X5 = S 


(C.2.C) 


X2, X4 = s 


(C.2.d) 


Xj. X5 = s 


(C.2.e) 
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Ri = alkvL/arvi/complex : 
X|, X2 = S 
Xi, Xa ~ S 

X,.X5 = S 
X4, X5 = s 



(C.2.f) 
(C.2.g) 
(C.2.h) 
(C.2.i) 



C.3: Tctrathio Analogues 


= alkvl/ arvl/complex: 




X1-X4 = S 


(C.3.a) 


X2-X5 = s 


(C.3.b) 


XjjXs-Xs = S 


(C.3.C) 


R3 = alk> 1/ arvl/comnlex: 




X|-X4 — s 


(C.3.d) 


Xi-X3,X5 — S 


(CJ.e) 


XjjXj-Xf — s 


(C.3.f) 



C.4: Pentathio Analogues 
R [ = alWI/ arvl/complex: 

Xi-X, = s 



(C.4.a) 



R3 = alkyl/ aryl/compiex: 

X1-X5 = S (C.4.b) 



- 14- 
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D: Triacids nnd Salts: 



D.l: Monothio Analogues 


X, = S 


(D.l. a) 


X4 = S 


(D.l.b) 




D.2: Dithio Analogues 


Xi,X2 = S 


(D.2.a) 


X|,X4 = S; X4, Xj = S 


(D.2.b) 




D.3: Trithio Analogues 


X,-X3 = S 


{D.3.a) 


X|,X3.X4 ~ s 


(D.3.b) 


X|^X4,X5 = S 


(D.3.C) 



D.4: Telrathio Analogues 


X1-X4 = S 


{D.4.a) 


X|,X3-X5 = S 


(D.4.b) 



D.5: Pcntathio Analogues 
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in accorda : with this invention, TPFA is conjugate^lnv'i pQfyacoHSlS Wei 
postulate that such compounds can have enhanced membrane transport properties, and thus 
higher activity than ilie parent in vivo. Some 15 years ago, oral delivery of different classes of 
drugs was shown to be facilitated by incorporation of 1-0-alkyl, l-O-acyl-sn-glycerol- 
phosphate moieties. See, Ryu, et al., J. Med Chem, 25, 1322-1329 (1982). More recent 
examples of this approach have been given by M. Fuji, et al., J, Org. Chem,, 62, 6804 (1997) 
and by K. Hosteller, et al., Antiviral Research, 31, 59-67 (1 996), 

Our proposed synthetic routes are illustrated in the examples below. 

Scheme II 




HQ 



OCOPm 



HO, 



OCOR, 



H3CD- 



FhjCO, 



(6) 



CIPFA 



orClTPFA 

o Y OCOR; 

Y 



loCH; 



(7) 



Hvdrolysis 



(R,CO),p 



(5) 



0-- 



OH 



I Ph-CBr 
Y 



OH 



\ 



(4) 



OCOR, 



(8) 



R. = alkyl. aryl. e.g.. C,H,, C^Hj; 
R, = alkyl. e.a.. CHj 
Y = O or S 
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Scheme III 
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OR 
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H — Ri 

CI-TPFA 



0 QR 
Demeihylaiion 

RO, 



(3/ 



P OCH3 
OCH3 



XTMS 



(6)' 



o- 



R = alkyi, aryl, e.g., C,H,, CjH,, 
Ri = alkyI, e.g., CHj 
Y = O or S 



(7)' 



Wherein R, is alkyi. sucli as C3H7 or CjHjj; R2 is alkyl, such as CH;.; and Y is 0 or S. 

5 

General Experimental Protocol 

Solvents for reactions were purified as follows: THF was distilled from sodium and 
benzophenone ketvl toluene was distilled from CaH2.and acetone was dried with molecular 
sieve. Solvents for column cliromatography or Thin Layer Chromatography (TLC) were not 
10 pretreated. The end points of all reactions were checked using TLC or NMR except noted. 

Monosodium salts and trisodium salts were dried in a vacuum, and all the products were stored at 
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4''C. R, is an alkyl group having 1 to 22 carbon atoms. R, is an alkyi group having 1 to 6 carbon 
atoms. X is a halogen, such as chlorine, bromine, and iodine. 

All solvents and reagents were of Analytical Reagent (AR) grade quality, purchased 
from Sigma-Aldrich, Inc., without further purification except where noted. Nuclear Magnetic 
5 Resonance (NMR) spectra were recorded on CDCI3 solutions for triesters and on D2O for 
monosodium salts and trisodiura salts, 'h and '^C spectra were recorded on Bruker AC250 
MHz or AM360 MHz spectrometers, in CDCI5. 'H chemical shifts are referenced to CHCI3 
(5 7.24). '^C chemical shifts were referenced to: CDCI3 (6 77.0); D2O HDO (8 4.63); and 
CftDs (5 128). ^'P spectra were recorded on the 360 MHz instrument. ^'P NMR chemical 
1 0 shifts are referenced to external 85% H3PO4. Chemical shifts are reported in ppm (s = 
singlet, d = doublet t-triplet, q = quartet, m = multiplet). High Resolution Mass Spectra 
(HRMS) determinations were performed at UC Riverside. 



A. SYNTHETIC PROCEDURES FOR TRIMETHYL ESTERS 
'5 EXAMPLE 1 

S-Methvl r PimethvlnhnsDhinvlithioformatp 
S-Methyl (Dimelhylphosphinyl)thioformatc. Table 1 Compound (15). was prepared by a 
previously published method (Kovalenko, et al., Russian Journal of General Chemistry, 64 (10) 
Part 1, 1456,(1994)). A solution of 1.00 g (9 mmol) of S-methyl chlorothioformate in 5 mLof 
20 dry toluene was added over 1 0 min to a solution of 1 . 1 2 g (9 mmol) of trimethyl phosphite in 1 0 
mL of dr>' toluene. The mixture was stirred and maimained below 30°C for 2 h. Toluene was 
removed by rotary evaporation under reduced pressure, and the resulting residue was distilled in 
vacuo, giving 0.72 g of a colorless oil. b.p.: 78-80''C/20 yt. The yield of product \vas about 
55.6%. 
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EXAMPLE 2 

S-Melhyl (Dimethylphosphinyl)thiofonnate, Table I Compound (IS), was prepared by 
a previously published method (Grisley, D.W., Jr., J. Org. Chem. 26:2544, (1961)). 11 .0 g 
(0. 1 mole) of dimethyl phosphite was added dropwise to a stirred solutioti of 2.4 g (0. 1 mole) 
5 of sodium hydride in 50 mL of dry THF at 25-30°C under N2. The mixture was stirred and 
refluxed until H2 evolution ceased. The mixture was then cooled to 6»C and carbonyl sulfide 
gas was passed into the mixture until 6.7 g (0.1 1 mole) was absorbed. Methyl iodide (14.2 g, 
0.1 mole) was then added at 5°C over 15 min. The mixture was poured into 350 ml of ice- 
water and extracted with ether (3 x 100 mL). The ether layers were combined, dried with 

1 0 anhydrous magnesium sulfate, filtered, evaporated to remove ether and distilled in vacuo. The 
fraction boiling between ST-Sg^aiOO \i was collected, 5.9 g, Y=32.1%. 'h NMR: 5 (ppm) 
3.87 (d. 6H. Vhp= 1 1 Hz, POCH,), 2.40 (d, 3H. Vhp= 1 Hz. CSCHj); '^C NMR: 5 (ppm) 
197.7 (d, './c,.= 208 Hz, CO), 54.6 (d, Vcp= 7 Hz, POCH3), 11.0 (d, Vcp= 4 Hz, CSCH3); ^'P 
NMR; 5 (ppm) - 1 .44 (m, Vph = 1 1 Hz); ^'p NMR {H}: 5 (ppm) -1 .44 (s); HRMS: 185.0041 

15 (MH". Found), 185.0037 (MH\Calcd). 

- EXAMPLE 3 

Methvl (DimcthoxvDhosDhinvl)t hiofQrmnip Table 1 Compound (14) 
0-methyl chlorothioformate was prepared as follows; To a stirred solution of 40 g 
20 sodium hydroxide. 1 50 mL of water and 200 mL of methanol, cooled by means of an ice-bath, 
carbon disulfide (24 mL) was added dropwise over a I hour period. Tiie mixture was treated with 
0.1 g of Kl and chlorine gas passed in until the purple color of free iodine was observed (end- 
point). The iodine color was discharged with 10% NaHCOi. The mixture was washed with water 

(3 X 50 mL) and dried with CaCb. After filtration, a yeliowish-green crude oil was obtained. 'H 

- 19- 



wo 00/02566 



PCT/US99/1S775 



NMR: 0 (ppm) 4.22. (See, Irvvin B. Douglass and Glenn H. Warner. J.Am.Chem.Soc., 78:6070 
(1956)]. 

While cooled externally with cold water, 34 g of the crude oil described above was treated 
with 9 g of chlorine. The temperature should not exceed 30 "C to avoid over-chlorination. The 
5 mixture was heated slowly, then fractionated. The fraction boiling at 84-86''C/760 mm was 

collected, giving 12.7 g of 0-methyl chlorothioformate, Y = 72%. 'H NMR: 5 (ppm) 4.16. [See, 

Dieter Martin and Wolfgang Mocke, Chemishe Berichte, 98 (7), 2059 (1965).'' ] A solution of 
0.55 g (5 mmol) of 0-methyl chlorothioformate in 8 mL of dry toluene was added over 10 min to 
a solution of 0.62 g (5 mmol) trimethyl phosphite in 15 mL of dry toluene under Nz. The mixture 

1 0 was stirred and left for 2 lir at room temperature. The solvent was rotary-evaporated, and the 
residue distilled in vacuo, giving 0.52 g of a yellow oil, 80-8 1°C /lOOn, Y = 56.5%. 'h NMR; 5 
(ppm) 4.18 (d. 3H. Vhp= 2 Hz, COCH3). 3.87 (d, 6H, ■Vhp= 1 1 Hz POCHj); ''c NMR: 5 (ppm) 
212.5 (d. 'Jcp = 223 Hz, PC), 59.1 (d. Vcp= 8 Hz, POCH3). 54.8 (d, Vcp = 6 Hz. COCH3); ^'p 
NMR { H ) : 5 (ppm) -1.14 (s); ^ ' P NMR: 8 (ppm) - 1 . 1 4 (m. Vph = 1 1 Hz); HRMS : 1 85.003 1 (MH 

' ^ ^ Found); 1 85.0037 (MH*. Calcd). 

EXAMPLE 4 

Methvl (DimethoxvphosphinvlMithinffir mate. Table I Compound f 1 6> 
Dimethyl phosphite 0 1.0 g 0. 1 mol) was added dropwise to a stirred solution of 2.4 g (0.1 
20 mole) of sodium hydride in 50 mL of dry THF at 25-30°C under N:. Tiie mixture was stirred 
under refiux until H2 evolution ceased. It was then cooled to 6°C and was added with stirring to 
carbon disulfide (38 g. 0.5 mol) at 2-8''C over 15 min. Methyl iodide (14.2 c 0.1 mol) was then 
added at 5^ over 15 min. The mixture was quenched with 350 mL ot" ice-water and extracted 
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with ether (100 mL x 3). The ether layers were combined, dried with anhydrous magnesium 
sulfate, filtered, evaporated to remove ether and distilled in vacuo. The Fraction boiling between 
92-94»C/50m was collected, 6.5 g, Y = 32.5%. (Put footnote 2 here) 'H NMR: 6 (ppm) 3.85 (d, 

6H, Vhp= 10 Hz, POCH3), 2.69 (d, 3H,yHP= 1 Hz CSCHj); '^C NMR: 5 (ppm) 228(d, 'Jcp= 175 

5 Hz. CS), 54.5 (d, VcP= 6 Hz, POCH3), 10.9 (s, CSCHj); ^'P NMR {H}: 5 (ppm) 0.30 (s); "P 

NMR: 6 (ppm)0.30(m, VpH = 11 Hz); HRMS: 199.9732 (Found); 199.9731 (Calcd). 

EXAMPLE 5 

The process of Example 4 was repeated for Methyl (Dimethoxythiophosphinyl)formate, 
10 Table 1 Compound (13), with the following results: 'H NMR: 5 (ppm) 3.89 (s. 3H. COCH3), 3.79 

(d. 6H, -7pH= 13 Hz POCH3); '^C NMR: 5 (ppm) 167.5 (d, '^cp = 227 Hz, CO). 54.5 (d, 2 Jcp = 
6Hz,POClb).52.9(s.COCH.v): 3ipNMR{'H}:5 (ppm) 64.9. This ,s a compound previously 
described in McKenna's U.S. Patent Nos. 5,072,032 and 5,133.812. 

15 EXAMPLE 6 

Tlie process of Example 4 was repeated for S-Methyl 
(Dimetlio.\yihiophosphinyl)thioformate, Tabic I Compound (17), with the following results: 'H 
NMR: 6 (ppm) 3.85 (d. •Vhp=I2 Hz, 6H, POCH3). 2.39 (d. 12 Hz, 3H, CSCH3); '^C NMR: 
6 (ppm) 198.4 (d, '7ci' = 163 Hz. CS), 54.6 (d, Vcp = 6 Hz, POCH3). 1 1.6 (s. CSCHj); 3ip 

20 NMR: 6 (ppm; 68.0 (Vph = 1 2 Hz); HRMS: 200.9827 (MH\ Found): 200.9809 (MH*. Calcd). 
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EXAMPLE? 
The process of Example 4 was repeated for Methyl 
(Dimethoxythiophosphjnyl)thiofonnate, Table I Compound (18), with the following results: 

NMR: 'H: 6 (ppm)4.19(s,3H.COCH}),3.87(d,6H. Vp„= 11 HzPOCHs); '-^C NMR: 5 (ppm) 
5 214.5 (d. 'ycp = 180 Hz, CS), 59.5 (d, Vcp = 9 Hz, POCHj), 55.0 (d, ^cp = 7 Hz, COCH3); ^'P 
NMR { • H} : 5 (ppm) 67.2; HRMS: 200.981 5 (MH\ Found); 200.9809 (MH*, Caicd). 

EXAMPLE 8 
The process of Example 4 was repeated for Methyl 
1 0 (Dimethoxythiophosphinyl)dithioformate, Table I Compound (19), with the following results: 'H 
NMR: 5 (ppm) 3.89 (d, 6H, Vhp= 13 Hz, POCH3), 2.67 (d. 3H. Vhp = 4 Hz, CSCH3), "C NMR: 
6 (ppm) 23 1 .0 (d, './CP = 1 36 Hz, CS), 55.0 (d, Vcp = 7 Hz, POCH3). 1 9.8 (d. Vcp = 3 Hz, CSCH3 
): ^'P NMR {H}: 6 (ppm) 70.0: ^'P NMR: 5 (ppm) 70.0 (m, Vph= 1 1 Hz); HRMS: 216.9581 
(Found); 216.9581 (Calcd). Microanalysis: C%: 22.22 (Calcd), 22.24 (Found); H%: 4.19 
15 (Calcd). 4.25 (Found). 

EXAMPLES 9 TO 1 1 
General Procedure (using Lawesson's Reagent. LR) 
LR (7.2 g, 1 7.8 mmol) was weighed out in a Dry Bo.x and suspended in 100 mL of dry 
20 toluene. Trimclhyl phosphonoformate, ( 1 1 .4 mmol) in 1 0 mL of dr.- toluene was added. The 
mixture was refluxed for 6 h. 'nie solid by-product was filtered, and toluene removed in vacuo. 
The residue was extracted with 40 mL of dr\' hexane. and the extract filtered, evaporated and 
distilled in vacuo to give the desired product. 
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EXAMPLE 9 

Tlie preceding general procedure was followed wherein the McjPTLFA was substituted 
for trimethyl phosphonofonnate. 

5 EXAMPLE 10 

The preceding general procedure was followed wherein the MejPTNFA was substituted 
for trimethyl phosphonoformate. 



10 



EXAMPLE 1 1 

The preceding general procedure was followed wherein the MejPDTFA was substituted 
for trimethyl phosphonofonnate. 



B. REACTION PROCEDURES FOR THE SYNTHESIS OF THE MONO-P ESTER 

MONOSODIUM SALTS 
'5 EXAMPLES 12 to 16 

General Procedure 

in a 20 mL llask. 0.5 mmol of the corresponding trimethyl ester was dissolved in 15 mL 
of dn- acetone. Nal (75 mg, 0.5 mmol) dissolved in 2 mL acetone was added, and the mixture 
was reflaxcd for 2 h. The mixture was then cooled, niiered. and the precipitate washed with dry 
20 acetone until the wash was negative to AgNOj. The final product was dried in a vacuum oven. 

EXAMPLE 12 

The preceding general procedure was followed wherein NaTPFA. Table I Compound (6), 
was synthesized. 'H NMR: 5 (ppm) 3.68 (d, 3H. Vhp^ 1 Hz, POCH3); 2.12 (d. 3 H. Vhp= 13 
25 Hz. SCHj); '^C NMR: 5 (ppm) 171.0 (d, 'ycp= 150 Hz. CO). 50.81 (POCHj); 10.43 (d. ^ Jcp = 4 
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Hz. SCHj): ''P NMR: 5(ppm) 18.1 (q, Vph= 10 Hz); Microanalysis: C%: 18.76 (Calcd). 19.27 
(Found): H%: 3.15 (Calcd), 3.06 (Found); S%: 16.69 (Calcd). 17.08 (Found). 

EXAMPLE 13 

5 The preceding general procedure was followed wherein NaPTLFA, Table I Compound 

(8), was synthesized. 'H NMR: 6 (ppm) 3.48 (d, 3H, Vhp= 1 1 Hz, POCH3), 2.22 
(s. 3H. CSCHj) ''C NMR: 5 (ppm) 207.4 (d, 'ycP= 190. CO); 53.3 (d, Vcp = 6 Hz. POCH,); 10.1 
(s, SCH3); ^'P NMR: 5 -0.76 (q, Vrh = 1 1 Hz). 

10 EXAMPLE 14 

The preceding general procedure was followed wherein NaPTNFA, Table 1 Compound 
(7), was synthesized. 'H NMR: 5 (ppm) 4.01 (d, 3H. Vhp= 1 Hz, COCH3). 3.47 (d, 3H. Vhp= 1 1 
Hz. POCH3); '^C: 6 (ppm) 222.1 (d, 'Jcp = 200 Hzs. CS); 58.9 (d, Vcp = 8 Hz, POCH3); 51.8 (d, 
-Vcp= 4 Hz OCH3); ^'P: 5 (ppm) 0.26 (q, Vph = 1 1 Hz). 

15 

EXAMPLE 15 

The preceding general procedure was followed wherein NaPDTFA. Table 1 
Compound (9), was synthesized. NMR: 'H: 6 (ppm) 3.46 (d, 3H, Uip= 12 Hz, POCH3), 
2.52 (d. 3H. Vmp= I Hz. CSCHj); ''C: 5 (ppm) 239.0 (d. 'Jcp= 150. CS); 53.3 (d, Vcp= 6 
20 Hz. POCH3); 18.9 (s, SCHj): ''P: 5 (ppm) 2.25 (q, Vph= 1 1 Hz). 
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EXAMPLE 16 

The preceding general procedure was followed wherein NaTPTLFA, Table 1 
Compound (11), was synthesized. NMR: 'H: 8 (ppm) 2.20 (s, 3H, CSCH3), 2.05 (d, 3H. Vhp 
= 12 Hz. PSCH3); "C: 5 (ppm) 204.2 (d, 'jbp' 140. CO); 12.0 (d. Vcp= 4 Hz, PSCHj); 10.5 
5 (s, SCHj); ^'P: 5 (ppm) 22.2 (q, Vph= 12 Hz).. 

C. PRODRUG SYNTHETIC APPROACH 
EXAMPLE 17 
Isopropvlidene Glyc erol. Scheme II Compound 1 
10 Freshly distilled glycerol (10 g, 0.1 1 mole) was shaken until dissolved with 65 mL of 

dr>' acetone containing 1 g of TsOH. After 24 hr. the solution was neutralized first with 
PbCOs and afterwards with AgiCOj, warmed with charcoal, and shaken wiiii a large excess 
of CaCl2 overnight. The supernatant liquid was then filtered. The solvent was removed by 
rotarv- evaporation, and the product fractionated under diminished pressure, giving 9.5 g of 
15 the main fraction (b.p. l05-l06»C/25mm) Y=65.4%. NMR: 'H: 5 (ppm) 4. 14-4.16 (m,lH, 
CH). 3.65-4.0 (q.xd, 2H, CH,), 3.57 (m. 2H, CH2OH). 2.05 (sb. IH.OH), 1.40, 1.33 (CH3); 
'-•C: 6 (ppm) 109.4 (COO), 76.1 (CH), 65.7 (CHjO), 62.8 (CHjOH). 26.6, 25.2 (CHj). 

Propyl Isopropvlideneglvce rvl Ether. .Scheme 11 Cnmnnund ^ 
20 To a stirred solution of the protected glycerol ( 1 .3 g. 1 0 nimol) in dry THF (20 mL) 

was added NaH (0.6 g, 25 mmol) portionwise at OX. After the reaction mi.xture was stirred 
for 30 min, 1-bromopropane (3.0 g, 25 mmol) was added. The mi.xture was stirred at r.t. Once 
the reaction was completed. 2 mL of methanol was added at 0 "C to destroy the excess of 
NaH. Tlie solvent was evaporated under vacuum, (b.p. 40-42°C/50.u) The residue was 
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extracted with ethyl acetate. The extract was washed xvith water. After the dried solvent was 
removed. 0.86 g of a yellow oil obtained (Y=49%). NMR: 'H: 5 (ppm) 4.20-4.1 7 (m, IH, 
CH), 3.65-4.0 (qxd. 2H, CH:). 3.33-3.42 (ra. 4H. CHjOCH,), 1.51 (m, 2H, CHjGHjCHj), 
1.27, 1.53 (s, 6H. CHjCCHj), 0.82 (t, 3H. CH3); '^C: 5 (ppm) 109.1 (COO),74.6 (CHCH2O), 
5 73.2 (CH). 71.6 (CCH.O), 66.7 (OCH2CH2CH3), 25.2, 26.6 (CH3CCH3), 22.6 
(OCH.CHjCHi). 10.3 (CH2CH2CH3). 

Propyl Glvc en^l Ether. .Scheme II Comnnnnri ^ 
HCl (I M, 2 mL) was added to a solution of 0.80 g (4.6 mmol) propyl isopropylidene 
10 ether in 3 .0 mL of methanol and the reaction was stirred for 2 hr at room temperature. The 
reaction mixture was extracted with 3x 20 mL of ethyl ether, and the combined ether extracts 
were dried over sodium sulfate. After removal of the solvent, the residue weighed 0.51 g 
(Y=83.6%). NMR: 'H: 5 (ppm) 5.1 (m, IH. CH). 3.37-3.68 (m, 6H, CHj). 2.05 (sb. 2H, OH), 
1.56 (2H. OCH,CH,), 0.88 (t. 3H. CHzCH^CHj); '^C: 6 (ppm) 73.3(CH). 72.4 (CH,OH), 70.5 
15 (CH2OCH2). 64.2 (OCH2CH2), 62.7 (OCHjCHj), 10.4 (CHj). 

Benzvl Glvcervl Ether. Scheme H Comp nimH 3. Alternative 
As an alternative procedure to a stirred solution of the protected glycerol (6.7 g, 0.05 
mole) in dn- THF (100 mL) was added NaH (1.8 g, 0.075 mole) portionwise at Q-'C The 
!0 reaction mixture was refluxed for 1 .5 h. and benzyl bromide ( 1 0.3 g, 0.06 mole) was added. 
The mi.xture was stiired at room temperature. Once the reaction was completed. 2 mL of 
methanol was added at O-'C to destroy the excess of NaH. The reaction mixture was extracted 
with 3x50 mL of ethyl ether, and the combined ether layers dried over sodium sulfate. After • 
solvent removal, the residue of (1 1.9 g, Y=61%). was combined with 60 mL of 10% acetic 
5 acid, then heated (oil bath. 1 00°C). until the original emulsion disappeared (about 0.5 h). 
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After concemration. ihe residue was distilled in vacuo, giving 8. 1 g (b.p. l 1 6- 1 1 8''C/50(i) 
lY=89%). 

Hexadecanyl Isopropvlidene Glyceryl Ether S cheme II Compound 2. Alternative. 
5 As another alternative procedure, to prepare Scheme II. Compound 2, NaH (0.6 g, 

0.025 mole) was added to 4 mL of THF containing 1.3 g (0.01 mole) of isopropvlidene 
glycerol at 0»C. Gas was generated. After -0.5 h, 3.0 g (0.01 mole) of hexadecanyl bromide 
was added dropwise. The reaction mixture was stirred for 2 h at room temperature. Methanol 
was added at 0»C to destroy excess sodium hydride. The mixture was filtered, and the filtrate 
1 0 evaporated. The residue was extracted with 2x60 mL ethyl ether. The extract xvas washed 

with brine and water and dried over Na2S04. After concentration, 2.36 g of crude product was 
obtained (Y=59%). NMR: 'H: 5 (ppm) 4.24 (m, IH, CH)A04-3.70 (qxd, 2H. CH,), 3.44 
(m. 4H, CH2OCH,), 1.40 (q. 2H, OCH2CH2. Vhh=7Hz). 1.33 (d, 6H, CCHj). 1.2: {s, 28H, 
CH2), 0.85 (I, 3IK CH3,Vnn=7Hz). 

15 

Hexadecanyl Glyceryl Ether. Sch eme 11 Compound 3. Alternative 
Hexadecanyl isopropvlidene glycen-l ether (150 mg, 0.4 mmol). 4 mg of TsOH H:0 and 20 
mL of methanol were stirred at 0°C ovemiglit. Removal of the solvent gave 1 10 mg of a 
white solid, which was dissolved in 1 mL of chloroform, filtered and concentrated, and dried 
20 (vacuum oven) leaving 105 mg of product (m.p. 54-56°C). Pure product was obtained by 
recn'stallization from ether. m.p. 62-64»C. NMR: 'H: 5 (ppm) 4.93 (m. IH. CH). 3.83-3.66 
(qxd. 2H, CH2OH), 3.49-3.4 1 (m. 4H, CH2OCH2), 2.80 (s,b. 2H. OH). 1 .54 (m. ZH. 
CH2CH:,), 1.23 (s. 26H, CH,). 0.85 (t, 3H. Vhh= 7Hz. CH3); '^C: o (ppm) 72.4 (CHOH). 
71.8. 70.5 (CH2OCH2), 64.0 (CHjOH). 31.9. 29.7. 29.6. 29.5. 29.4. 29.3. 29.1. 29.0. 28.9. 
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22.7 (CH:), 14.1 (CH,); HRMS: 3 17.3047 (Found), 3 1 7.4056 (Calcd); Microanalysis: C%: 
72.12 (Found). 72.10 (Calcd), H% 13.05 (Found), 12.74 (Calcd). 

Synthesis of Sc heme 11 Compound r5> 
5 Tlie Scheme II compound (4) (0.75 g, 1.3 mmole), 3 mL of pyridine, and 1 mL of 

acetic anhydride were stirred for 45 h at room temperature. 2 g of ice was added to the 
reaction mi.xture. 1.5 mL of chloroform was added to the mixture. Tlie separated oil layer 
was then washed with 10% NaHCO, and water. The oil layer was rotary-evaporated after 
drying over MgSOa. Tlie residue was co-evaporated with 15 mL of toluene. 0.72 g of crude 

1 0 product was obtained. Purification was carried out by flash column chromatography. 

petroleum and ether, 7:3 as eluting agent giving 0.53 g (Y = 67%) of pure compound. After 
standing, the product solidified, m.p. 43-44°C, NMR: 'H; 5 (ppm) 7.40-7.18 (m, 15H, Ph-H). 
5.15 (m. IH, CH). 3.62-3.16 (m, 6H, OCH2), 2.05(s. 3H, COCH3). 1.48 -1.21 (m. 28H, CH2). 
0.84 (t, 3H, Vhh = 7.0Hz CH3); '^C: 8 (ppm) 170.5(C=O), 143.8. 129.0, 128.6, 127.2(Ph.C), 

15 86.5 (cphj), 7L5 (CH). 69.4, 62.5. 61 .0(OCH2), 3 1.9, 29.7, 26.0, 22.7 (m. CH,), 

21 SCCHjCO), 14.10 (CHj), Analysis: C%: 79.96 (Found). 80.40 (Calcd), H% 9.39 (Found). 
9.52 (Calcd). 



Synthesis of Schema [i CompoimH 
Tlie Scheme II compound (5) was dissolved into 2 mL of CH2CI2 and 0.6 mL of 50% 
BFrVIeOH was added at about 0"*C to room temperature, while stirred for 4 hr. After 
concentration, the residue was purified by preparative TLC (petroleum and ether (7+3) as 
eluting agent) to give 54 mg of product (Rr= 0.28) (wa.xy material). NMR: 'H: 5 (ppm) 5.05 
(m. IH.CH). 3.62-3.16 (m,4H. OCH2), 2.05 (b, t, IH. CH2OH). 1.48-1.21 (m.28H. CH,), 
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0.86 (I. 3H, Vhh=6.9H2, CH3), '^C: 5 (ppm) 171.1 (CO). 7i.75(CH), 71.3, 68.8, (OCHj), 
65.6(CH20H), 3 1.9, 29.7, 26.0 22.7(ni. CHz), 21.2(CH3CO), 14.2 (CH3X 

Scheme II Compound 7 and 8 
5 Using the hexadecanyl isopropylidene ether prepared above one conducts the steps 

shown in Scheme 11 to prepare, in succession, compounds 7 and 8 of Scheme 11. Thus, 50.8 
mg (0.15 mM) of scheme II compound 6 in 4 ml of THF containing 15 mg of triethylamine 
and about 1 equivalent of either CIPFA or CLTPFA was stirred at O^C for 2 h. After 
filtration and rotary evaporation of the solvent, the residue, Scheme II compound (7) was 

10 purified on silica gel (CH2CI2: CH3OH. 95:5) : 31? nMR: 5 -3.6. Scheme 11 Compound 7 
was then hydrolyzed to Scheme II Compound 8 by methods known by those skilled in the art. 
The preparation of methyl chloro(methoxy)thiophosphonoformate (CITPFA) was as follows: 
Lawesson's reagent (10.7 g, 97%, 0.025 mole) was dissolved in 100 ml of dry toluene at 
105°C followed by 4.0 g (0.02 mole) methyl chloro(methoxy)phosphonoformaie (CIPFA) 

15 [prepared by the method of Petrov, K. A., Maklyaev, F. L. and Korshunov, M. A. J. Gen. 
Chem. USSR (Eng. Transl.) 29, 304-308 (1959)], After 18 Iv at reflux, the solvent was 
removed in vacuum and the residue extracted with hexane. The combined extracts were 
evaporated leaving the crude product, which was distilled in vacuo to give 0.86 g of a slightly 
yellow oiL b.p. 40-40.5 X at 0.075 mm Hg. ^H-NMR (CDCI3): 5 3.97 (d, POCH3, 3H, 

20 VpH=14), 3.94 (s, COCH3, 3H). 13c-NMR (CDCI3): 8 164.9 (d, CO,ljpc=224), 54.7 (d, 
POCHs, 2ypc =8.5) 54.5 (d, COCH3, ^Jpc^AS). 3 1 p nMR (CDCI3): 6 62.4. Calcd for 
C3H6O3CIPS: C, 19.11:H.3.21;S, 18.80. Found: C. 19.42, ^3.51.8, 18.80. 



wo 00/02566 



PCT/US99/15775 



EXAMPLE 18 
Scheme III Compound (2V and <4Y 
To a suspension of isopropyiidene glycerol (760 mg, 5.214 mmol) and NaH(240 mg, 
5.88 mmole) in THF were added tetrabutyl ammonium bromide (168mg, 0.52 mmol) at room 
5 temperature under N2 followed by 4-methoxylbenzyl chloride (92 1 mg, 5.88 mmol). After 
being refluxed at 65^C for 14 h, the reaction was quenched with methanol (ImL) and 
neutrallized with NR,C1. The reaction mixture was extracted with ether and the extract was 
washed with brine, dried over MgS04, and concentrated in vacuo. The residue was purified 
with flash chromatography on silica gel with ether and hexane, 1 : 1 . 1 .54 g of yellowish oil, 
10 with a yield of about 88.6%, was obtained. NMR: 'H: 8 (ppm) 7.27, 7.25 (dd, 4H, Ph-H), 4.51 
(m, 1 K CH), 4. 14 (d, 2H, OCH2), 3.96 (m, 4H, OCH2), 3.80 (s, 2H, PhCHj). 1 .42 (s, 3H, 
CH3), 1.36(s,3H,CH3), '^C:5(ppm) 129.3, 130.1, 130.0, 114.1, 113.8 (Ph-C), 109.3 
(C(CH3)2). 74.7 (CH), 73.1, 70.7, 66.9 (OCH2) 55.l(OCH3), 26.75, 25.3 (CH3). HRMS: 
252. 1371 (Found), 252.1361 (Calcd), Analysis: C%: 66.85(Found) 66.65(Calcd), H%: 7.58 
15 (Found). 7.99 (Calcld). 3-p-methoxybenzyl-l,2-isopropylidene glycervl ether. Scheme III 
compound (2)' was deprotected in 10 mL 10% acetic acid at 65°C for Ihr. The reaction 
mixture was lyophilized and the residue was purified by flash column chromatography, ethyl 
acetate as eluting agent. NMR: 'h, '^C consistent with structure. 

-0 Scheme III compounds f3V. r5V and ffi)* 

The R group was hexadecanyl. Scheme III compound (4)' (1 . 15 g 4.7 mmol), 
powdered KOH (1.06 g, 19 mmol), hexadecyl bromide (5.73 g, 20 mmole) and 25 mL 
toluene were mixed. The reaction mixture was refluxed for 16 hr at room temp. Next, 20 mL 
of water was added and the oil layer separated. The aqueous layer was washed by toluene and 

25 the combined oii phases washed with water brine. After drying over Na2S04 and 

- 30 . 
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concentrating. 7,1 g of crude product. Scheme III Compound (3)\ was obtained. This was 
purified by flash chromatography {using hexane and ethyl ether, 9:1). Rf = 0.44. NMR: 
'■^C consistent with structure. 

To a mixture of Scheme HI Compound (3)' (1.0 g, 1.5 mmol) in CH2Cl2(9 mL) and 
5 H2O (0.3 mL) was added DDQ (2,3-dichloro-5,6-dicyanobenzoquinone, 0.36 g, 1 .58 mmol). 
The reaction mixture turned progressively red-brown. After 15 min at room temperature the 
reaction mixture was filtered, and the filtrate was evaporated in vacuo giving a yellowish 
solid (0.75 g). This was purified by flash colunm chromatography (using hexane and ether, 
3:1) to give Scheme III Compound (5)', m.p. 50.5rC (Y=93.8%) NMR: 'H: 5 (ppm) 3,68 

10 (m,lH, CH), 3.60-3.39 (m, 8H, OCH2). 2.16-2.13 (dd, IH, CH2OH), 1.31-1.24 (m, 56H, 
CH2), 0.86 (t, 6H, Vhh=6.9Hz); ^^C: 8 (ppm), HRMS: 540.5568 (Found), 540.5481 (Calcd), 
Analysis: C%:. 77.39 (Found), 77.71 (Calcd), H%: 13.23 (Found), 13.42 (Calcd). Scheme III 
Compound (6)* (90 mg, 0.28mM) and 2 ml pyrimidine were dissolved in 1 .5 ml chloroform 
together with I equivalent of CIPFA or CLTPFA, which was added at -lO^'C. The 

1 5 temperature was allowed to rise to r.t., then the reaction mixture was filtered and the filtrate 
concentrated by rotary evaporation. The residue was purified by column chromatography on 
silica gel (CH2Cl2:CH30H, 95:5) giving Scheme III Compound (6)' with Rr= 0.26. 3 ip 
NMR: 5 -3.6. Scheme III Compound (7)' was demethylated by methods known to those 
skilled in the arts. 

20 The following references, discussed above, are all incorporated herein by reference: 

U.S. Patent No. 5,183,812 to McKenna; D.W. Hutchinson, et al., "Synthesis and Biochemical 
Properties of Some Pyrophosphate Analogues", Biophosphates and Their Analogues- 
Synthesis, Structure, Metabolism and Activity, K.S. Bruzik and W.J. Stec (Eds.), Elsevier 
Science Publishers. B.V.. 1987, 441-450; Helgstrands,etai..5ae«cc?, 201:819-821 (1978)); J. 

25 Levillain, et. al., 1 Am. Ghent Soc, 1 15:8444-8446. 1993; L.V. Kovalenko, et al., Russian J. 
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General Chemistry 64. Part 1, 1456-1459, 1994); D.W. Grisley, Jr., J. Org. Chem, 26, 2544- 

2546, 1961; U.S. Patent No. 5,072,032 to C.E. McKenna, et aL; Irwin B. Douglass, 1 Am. 

Chem. Soc. 78:6070 (1956); S. Masson et ai., Tetrahedron Lett. 31 1 151 (1990); Ryu, et al, J. 

Med Chem. 25, 1322-1329 (1982); M. Fuji, et aL,y. Org, Chem., 62, 6804 (1997); K. 
5 Hostetler, et aL, Antiviral Research, 31, 59-67 (1996); and Dieter Martin and Wolfgang 

Mocke, Chemishe Berichte, 98 (7), 2059 (1965). 

The compounds of this invention ar« proposed for use in standard assays for HIV- 1 . 

reverse transcriptase. The procedures therefor that can be used, mutatis mutandis, and 

described in McKenna U.S. Patent No. 5,072,032, the disclosure of which is incorporated 
1 0 herein by reference. They also are proposed for use for the treatment of herpes vims 

infections in AIDS patients, in medical uses such as antiviral compounds, and in agricultural 

uses such as pesticides. 

Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity and understanding, it will be obvious that 
1 5 various modifications and changes which are within the knowledge of those skilled in the art 

are considered to fall within the scope of the appended claims. 
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THE CLAIMS 



A thio-analog of phosphonoformic acid comprising the formula: 



5 



X3 X4 
it It 
R1X1-P-C-X5R3 



X2R2 



wherein R| and Rz are each independently selected from alkyl, aryl, H, and cation, R3 is 
independently selected from alkyl, aryl, H, cation, and a prodrug moiety, and Xi, X2, X3, X4, 
and X5 are each independently selected from 0 and S, provided that: 



(b) when X, is S, then either (i) R, or R2 is alkyl, aryl, or H, or (ii) at least one of 
Xi, X3, X4, and X5 is also S, 

A method of treating a human infected with the human immunodeficiency virus (HIV) 
to inhibit HIV activity comprising the administration of a pharmaceuticaliy effective 
amount of a compound comprising the formula: 



RiXi-P-C-XfRj 
X2R2 

wherein Ri and R2are each independently selected from alkyK aryl, H, and cation, R3 is 
20 independently selected from alkyl, aryl, H, cation, and a prodrug moiety, and X,, X2, X3, X4, 
and Xs are each independently selected from 0 and S, provided that: 

(a) al least one of Xi - X5 is S; and 

(b) when Xi is S, then either (i) R| or R2 is alkyl, aryl, or H, or (ii) at least one of X2, 
XjjXa, andXs is also S. 



10 



(a) at least one of X| - X5 is S; 



X3Xi 
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3. The thio-analogot claim 1 comprising the fonnula: 



4. The thio-analog of claim 1 comprising the fonnula: 



NaO 



5. The thio-analog of claim 1 comprising the formula: 

/^C-SNa, 
NaO 



10 6. The thio-analog of claim 1 comprising the fonnula: 

NasJii ^ 

>-C-SNa, 

NaO 



7. The thio-analog of claim 1 comprising the fonnula: 

P-C-OCH3 ^ 

15 



8. The thio-analog of claim 1 comprising the fonnula: 

P-C-OCH3. 



20 
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9. The thio-analog oi claim 1 comprising the formula: 

^P-C-SCH,. 



10. The thio-analog of claim 1 comprising the formula: 



11. The thio-analog of claim 1 comprising the formula: 

/-C-OCH3, 



10 12. The thio-analog of claim 1 comprising the formula: 

P-C-SCH, . 

CH3S 



13. The thio-analog of claim 1 comprising the formula: 

>-C-SCH3, 



15 



14. The thio-analog of claim 1 comprising the formula: 



CHaQj] ^ 

^-C-OCHj, 



15. The thio-analog of claim 1 comprising the formula: 



20 CH 
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16' The thio-analog of claim 1 comprising the fonnula: 



5 17. The thio-analog of claim I comprising the fonnula: 

/-C-OCH3, 
CH3O 



18. The thio-analog of claim 1 comprising the fonnula: 



CH3(\?i ^ 



10 

19. A composition comprising the fonnula: 

S 0 
l( II 
CI-R2-P-C-OR1 

wherein R| and R2 are an alkyl or aryl group. 

15 

20. The composition of claim 19 wherein said alkyl group is methyl. 

2 1 . A process for the preparation of methyl chloro(methoxy)thiophosphonofonnate 
comprising: 

20 (a) fomiing a reaction mixmre of an alkyl chloro(alkoxy)phosphonofonnate with an 

excess amount of Lawesson's reagent; and 
(b) maintaining said mixture at reflux until said reagent is consumed. 
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